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Few studies have investigated the cellular consequences of CGL4-linked cavin-1 mutations.
86
They were shown to result in a secondary deficiency of caveolins, which could play an important tissue autophagy has been reported in obesity and diabetes (26) . Interestingly, caveolin-1 suppression 96 in mice has been shown to overactivate autophagy in stromal cells (22) 
126
Primary fibroblast cultures were established from skin biopsies in the two probands and compared 127 to those from two healthy women aged 20 and 33 (30). Murine 3T3-F442A preadipocytes were 128 cultured and induced for adipocyte differentiation during 7 days as described (31).
129
For mRNA silencing, cells were incubated for 6h with 100 pmoles of control (scrambled) siRNA (sc- 
135
Western blot analyses were performed on whole cell extracts using specific antibodies listed in 136 Supplemental Table 1 . Protein detection and semi-quantitative analysis of western blots versus beta-137 actin were performed using ChemiGenius2 Bio-imaging system (Syngene, Cambridge, UK).
138
Autophagy is characterized by the formation of double-membrane organelles known as 139 autophagosomes, which surround targeted cytoplasmic materials. The trafficking of autophagosomes 140 and then their fusion with lysosomes leads to the degradation of the sequestrated material (32). During 141 this process, the cytosolic protein LC3-I is modified to a lipidated form, LC3-II, which associates to 142 autophagosome membranes and is then submitted to the autophagic flux. We monitored autophagy as 143 previously described, in the presence or not of the autophagic flux blocker bafilomycin A1 (B1793, 144 Sigma-Aldrich) (100 nM for 4h), which inhibits the late phase of autophagy by preventing the fusion 145 between autophagosomes and lysosomes (33). We measured the amount of p62/sequestosome-1, an 7 autophagy substrate degraded in lysosomes. We also evaluated the rate of conversion of LC3-I to   147   LC3-II (LC3-II-to-LC3-I ratio), which correlates with autophagosome formation, and the levels of   148 LC3-II, which is also degraded in lysosomes.
149
To study insulin signaling, cells maintained for 24h in a serum-free medium were incubated or not 150 with 50 nmol/L human insulin (#I9278, Sigma-Aldrich) for 8min. We evaluated the total protein 151 expression of insulin receptor and of the signalling intermediates extracellular signal-regulated kinase 152 (ERK) 1/2 and Akt as well as their phosphorylated activated forms (Supplemental Table 1 ).
153
Adipocyte conversion of 3T3-F442A cells was assessed by the expression of adipocyte-specific 154 proteins and by Oil red O-staining of intracellular neutral lipid stores, which was quantified at 520 nm 155 after solubilization in 10% SDS and normalization to the amount of total proteins.
156
For mRNA expression studies, total RNA was isolated from cultured fibroblasts using RNeasy kit 157 (Qiagen, Courtaboeuf, France). cDNA was synthesized using random hexamers and AMV-RT 
163
Immunofluorescence studies were performed on fibroblasts grown on glass coverslips, after fixation 164 in methanol at -20°C. DAPI (4',6'-di-amidine-2-phenylindole dihydrochloride) was used for nuclear 165 staining. Cells were visualized and images were acquired using Leica SP2 confocal microscope and 166 software.
167
Ultrastructural analysis by electronic microscopy was performed on cultured fibroblasts fixed in 168 2.5% glutaraldehyde at 4°C. Cells were rinsed in PBS, post-fixed in 1% osmium tetroxide, dehydrated 169 using graded alcohol series then embedded in epoxy resin. Semi-fine sections (0.5 µm) were stained 170 with toluidine blue. Ultrathin sections (60 nm) were contrasted with uranyl acetate and lead citrate and 171 examined using a JEOL 1010 electron microscope (JEOL, Tokyo, Japan) with an OSIS mega View III 172 camera.
173
Quantitative results, presented as mean ± SD, were statistically analyzed by non-parametric Mann- and immunofluorescence microscopy ( Fig. 2A,B) . Cavin-1 mRNA expression was strikingly 239 decreased in fibroblasts from proband-2 but was not modified in proband-1 as compared to control 240 cells (data not shown), suggesting post-translational modifications leading to protein degradation in 241 this case. Protein levels of caveolin-1 and caveolin-2 were decreased ( Fig. 2A) . Electronic microscopy 242
showed, respectively, a decreased number and an absence of plasma membrane caveolae in fibroblasts 243 from proband-1 and -2 as compared to control cells (Fig. 2C) . In addition, an increased number of 244 autophagic vacuoles was observed in fibroblasts from the probands. Some of these vacuoles, which 245 displayed multimembranous structures, were identified as autophagosomes (Fig. 2D ).
246
To further characterize intracellular autophagy in PTRF-mutated vs control fibroblasts, we evaluated that the number of autophagosomes was increased, in patients' versus controls' fibroblasts (Fig. 2E) .
253
The selective autophagy substrate p62, which is degraded by lysosomes when autophagy is activated, 254 was decreased in patients' versus control cells, in favor of an enhanced autophagic flux (Fig. 2E) was blunted in probands' fibroblasts as compared to controls (Fig. 3A) .
269
To determine the involvement of cavin-1 deficiency in increased autophagy flux and insulin 270 resistance, we performed siRNA-mediated silencing of PTRF in control fibroblasts. Efficient PTRF
271
knockdown also led to a drastic reduction in caveolin-1 and -2 proteins (Fig. 3B) , and activated the 272 autophagic flux, as shown by an increase in LC3-II level and LC3-II-to-LC3-I ratio and a decrease in 273 p62 level (Fig. 3C) . In addition, PTRF knockdown reduced insulin-activated phosphorylation of Akt 274 and ERK1/2 (Fig. 3D) .
275
These results demonstrated that cavin-1 deficiency activated autophagy and reduced insulin response 
280
We then studied the effects of PTRF mRNA silencing in murine 3T3-F442A preadipocytes. Cells 281 were evaluated 3 days after siRNA transfection, in the undifferentiated state (D0), and 7 days after 282 induction of differentiation (D7). As observed in fibroblasts, PTRF silencing was associated with a 283 decrease in caveolin-1 and caveolin-2 proteins, both at D0 (data not shown) and D7 of differentiation 284 (Fig. 4A) . PTRF knockdown also activated autophagy, as shown by increased LC3-II-to-LC3-I ratio 12 and decreased p62 protein amount (Fig. 4A) . In addition, insulin signaling, studied at D7 of 286 differentiation, was blunted in cavin-1 deficient 3T3-F442A cells. PTRF silencing decreased insulin-287 induced phosphorylation of insulin receptor β-subunit, Akt and ERK1/2, indicating cellular insulin 288 resistance (Fig. 4B) . Beside, PTRF knockdown significantly decreased the total amount of insulin 289 receptor ß-subunit, which also represents a marker of mature adipocytes (1.27 ± 0.14 vs 0.66 ± 0.05 290 arbitrary units (mean ± SD) in control and cavin-1 deficient 3T3-F442A cells, respectively, p=0.05).
291
In accordance, adipocyte differentiation of 3T3-F442A cells, assessed by increased protein expression 292 of key adipocyte transcription factors (C/EBP-α, PPARγ, SREBP-1c) and of the mature adipocyte 293 marker fatty acid synthase (FAS) from D0 to D7, was impaired by PTRF knockdown (Fig. 4C) .
294
Finally, PTRF mRNA silencing decreased the ability of differentiating 3T3-F442A cells to store 295 lipids, as indicated by decreased Oil red O-staining at D7 of differentiation (Fig. 4D) . Fig. 1A) . We also observed that reducing autophagy in patients' 307 fibroblasts significantly increased the amount of p.Asp59Val mutated cavin-1 from proband 1, though 308 it still remained lower than in control cells (Supplemental Fig. 1A ). This suggests that overactivation 309 of autophagy partially contributed to the posttranslational degradation of this cavin-1 mutant. ATG5
310
silencing also increased insulin-induced phosphorylation of Akt and ERK1/2 in patients' fibroblasts 311 (Fig. 5A) . Importantly, ATG5 knockdown in control fibroblasts did not significantly alter the LC3-II-312 to-LC3-I ratio and p62 level (Supplemental Fig. 1A ) and the insulin-mediated activation of Akt and 313 ERK1/2 (Fig. 5A) .
315
In 3T3-F442A cells, suppression of autophagy by ATG5 siRNA-mediated silencing reversed
316
PTRF knockdown-induced insulin resistance and altered adipocyte differentiation
317
We then studied the effects of ATG5 mRNA silencing in murine 3T3-F442A preadipocytes subjected 318 or not to PTRF knockdown prior to induction of differentiation. As expected, PTRF knockdown- Fig. 1C) .
326
In addition, suppression of autophagy by ATG5 silencing prevented the decrease in C/EBPα, PPARγ,
327
SREBP-1c and FAS proteins induced by cavin-1 deficiency in differentiating 3T3-F442A cells (Fig. 328 5B). In accordance, it also improved the lipid storage capacity of cavin-1 deficient 3T3-F442A cells, 329 evaluated by Oil red O-staining at D7 of differentiation (Fig. 5B) .
330
All together, these results showed that activation of autophagy induced by cavin- 
